Objective: To study the phase stability of the 40 Hz auditory steady-state response (ASSR) in Sz, and in addition, to investigate inter-hemispheric phase synchronization using ipsilateral and contralateral hemisphere gamma band ASSRs. Methods: Whole head magnetoencephalography (MEG) was used to detect ASSR from both hemispheres in Sz patients and their control counterparts. Source localization, spatial and temporal filtering were performed to infer gamma band activity from the neural generators of the ASSR. The response gamma band phase stability relative to a reference signal was quantified using the phase synchronization index (PSI). Results: Results indicated reduced phase synchronization of the ASSR and the stimulus reference signal in Sz patients compared to control subjects, in addition to reduced inter-hemispheric phase synchronization between contralateral and ipsilateral hemispheric responses in Sz patients. Conclusions: Greater intra and inter hemispheric fluctuations of ASSR gamma band phase synchronization in Sz add to previous studies suggesting timing deficiencies within neural populations, possibly caused by impairments of neural network parameters. Significance: This study provides experimental support that may aid in understanding the dynamics of neural phase synchrony caused by modifications of underlying neurotransmitter systems, as reflected in disease states such as schizophrenia.
Introduction
The human brain is an interconnected network composed of more than 100 billion neurons (Kandel, 2000) . As such, methodologies based on the studies of complex systems may be beneficial in quantifying particular dynamical aspects, specifically synchronization, of the underlying neural assemblies. Phase synchronization amongst elements within an ensemble have long attracted researchers from diverse fields (Kuramoto, 1984; Winfree, 2001; Kori et al., 2008) . Several models describing dynamical features of large populations of coupled limit cycle oscillators have been proposed (Kuramoto, 1984; Strogatz, 2000; Pikovsky et al., 2000) , among which neural oscillators can be seen as a special example (Tass, 1997; Rosenblum et al., 2001; Netoff et al., 2005; Tsubo et al., 2007) .
At a macroscopic level, the interplay of inhibitory and excitatory neural network configurations may lead to synchronized groups of neurons oscillating at a common frequency. One early example of such a large scale synchronization was the EEG detection of the spontaneous generation of 'idling' alpha rhythms in the occipital cortex during an eyes closed resting condition (Robinson et al., 2001) . Experimental manipulation of these rhythms is difficult, given that these oscillatory rhythms are unstable in the sense that their spatiotemporal patterns vary throughout recording and occur only during resting conditions. However, one experimental method which can be used to study neural phase synchronization within a particular cortical area is via sensory stimulation at their respective neural network resonance frequencies. For the somatosensory, visual and auditory cortices these resonant frequencies are at approximately 24 Hz, 8 Hz and 40 Hz, respectively (Galambos et al., 1981) . Although these resonances occur at other frequencies, the spectral peak is usually around the said frequencies in the normal human adult brain. For the primary auditory cortex, maximal phase synchronization of the neuronal population, the ASSR, occurs approximately 200-300 ms after stimulus onset and continues for the duration of the driving stimulus (Ross et al., 2000) .
Neural networks can display synchronized oscillatory behavior under particular biophysical parameters (Crook et al., 1997) and network configurations (Kopell et al., 2000; Kopell and Ermentrout, 2004) . As these parameters are varied, the network dynamical state, which includes its synchronized state, also varies (Rodriguez et al., 2004; Roopun et al., 2008; Stiefel et al., 2008; Basar and Guntekin, 2008) . As an example, the 40 Hz ASSR can be modulated depending on the overall macroscopic state of its network, e.g.,
